The present investigation was undertaken to identify the promising heat tolerant lines and to evaluate their heat stress responses. Twenty five spring wheat genotypes were studied in non-stressed (optimum sowing) and stressed (late sowing) environments. The experiments were conducted at Regional Wheat Research Centre, Bangladesh Agricultural Research Institute, Gazipur, during the cropping season of 2009-10. Randomized complete block design was used with three replications. Yield and yield contributing phenological and physiological characters varied among the genotypes under both optimum and late sowing conditions. Ground cover, grain filling duration, canopy temperature at grain filling and biomass production were severely affected by the heat stress leading to low grain yield under late sowing condition. G-12, G-13, G-14, G-18, and G-19 were identified as heat tolerant genotypes based on their relative performance in yield components, grain yield and heat susceptibility indices. Present genotypes are found to be ideal candidates to be used in developing heat tolerant wheat varieties.
INTRODUCTION
Wheat (Triticum aestivum L.) ranks second among major cereals next to rice and plays a vital role in food security of teeming hungry millions of Bangladesh. In the coming period leading up to 2020, demand of wheat for human consumption in developing countries is expected to grow at 1.6% per annum . Thus yield increase is very much essential to maintain global food security. Recent researches on climate change predict marked increases in both rainfall and temperature. The temperature is projected to rise by as much as 3-4 0 C by the end of the century in South Asia (DEFRA 2005) . Therefore, heat stress has been given the top research priority in major wheat growing regions, in particular in the developing world including Bangladesh (CIMMYT 1995) . In the rice-wheat cropping system of Bangladesh, 80-85% of wheat is grown after harvesting of transplanted aman rice, of which about 60% are late planted due to delayed harvesting of rice (Barma et al. 2011) . Late planted wheat often encounters high temperature stress during late March to mid April at grain filling period causing sig-*Corresponding author: aakhan_so@yahoo.com held infra-red thermometer twice at 3 days interval at vegetative and grain filling stage.
Analysis of variances was done for different characters according to the formula suggested by Steel and Torrie (1960) . The "t" values were calculated from the accession mean for each pair of characters under normal and late sowing following the formula used by Singh and Choudhary (1985) . Heat stress susceptibility indices "S" were estimated for each character according to the equation as described by Fischer and Maurer (1978) . The lower the "S" value the higher would be the level of tolerance to stress condition. The collected data were subjected to analysis of variance by using the statistical software MSTATC and mean separation was done by Duncan"s Multiple Range Test (DMRT) (Gomez and Gomez 1984) .
RESULTS AND DISCUSSION

Performances of the genotypes in late sowing environment
The genotypes differed significantly in phenological, physiological and primary yield contributing characters related to heat tolerance (Tables 1). The performances under late sowing condition (Tables 2) revealed pronounced effects of heat stress on the traits. In this study, heat stress resulted in early anthesis, senescence and physiological maturity, shortened grain filling duration, decreased chlorophyll content of flag leaf at 21 days after anthesis, 27 local and exotic germplasm for heat tolerance is important. Xiyong et al. (2000) suggested that combination of both heat susceptibility index and geometric mean yield per plant (or kernel weight per spike) could be used as selection criteria for the evaluation of heat tolerant genotypes. Bruckner and Frohberg (1987) measured stress tolerances using stress susceptibility indices based on grain yield. Barma (2005) estimated heat stress susceptibility indices for 1000-grain weight and grain yield to differentiate overall heat tolerance of the genotypes. Taking the above mentioned views into account, the present study was aimed at identifying genotypes of wheat for heat tolerance. Fig. 1 . Seeds of each genotype were sown in 6 lines (20cm apart) of plots of 2.5m long. Standard agronomic practices were practiced during the crop growth. The central 1 metre of 4 rows of each plot were harvested for recording yield and primary yield contributing characters. Ground coverage was recorded visually at 35 days after sowing using 0-10 scale. Chlorophyll content of leaves was measured in 5 fully expanded flag leaves in vivo by a Minolta SPAD metre at anthesis and 21 days after anthesis and expressed in spad unit. The canopy temperature was measured by a hand AA KHAN ET AL: SCREENING FOR HEAT TOLERANCE IN WHEAT 1000-grain weight and biomass, reduced the number of spikes per unit area and grains per spike. Nevertheless, heat stress enhanced early ground cover and increased canopy temperature, chlorophyll content at anthesis and grain filling rate.
MATERIALS AND METHODS
Twenty
Genotypes G-2, G-3, G-4, G-12, G-13, G-14, G-17, G-18, G-19, G-21, G-24 and G-25 showed delayed anthesis suggesting their ability to withstand against heat stress. Al-Karaki (2012) reported that lengthening the preheading period of development would provide a better means of increasing grain yield under heat stress in durum wheat cultivars. Stay green of plants under stress conditions could be considered as an important trait since, longer stay green would be beneficial as it allows plants to retain their leaves actively for photosynthesis under stress condition (Koc et al. 2008) . In this study, the genotypes G-1, G-6, G-10, G-14, G-17, G-18, G-21 and G-24 delayed leaf senescence in late sowing condition, implying that these genotypes had the green foliage for longer period under heat stress condition. Similarly, the genotypes G-1, G-17 and G-18 showed delayed maturity in heat stress indicating their ability to stay green under heat stress. The genotypes G-1, G -5, G-11, G-16, G-17 and G-18 took longer period for grain filling compared to those of the other genotypes under heat stressed condition. Paknejad et al. (2007) reported that the improvement of yield under drought stress has resulted from a more extended grain filling duration and a higher chlorophyll content.
Early ground cover was reported to be important in agronomic context (Rawson 1988; Badaruddin et al. 1999) . High ground cover might reduce evaporative water loss from soil by providing better shade. Reynolds et al. (2001) stated that trait like ground cover could be important under heat stress. In wheat, ground cover probably a greater proportion of total evapotranspiration used in crop transpiration rather than soil evaporation. In this context, the genotypes G-1, G-3, G-5, G-6, G-9, G-12, G-13, G-14, G-15, G-16, G-17, G-18, G-19, G-20, G-21, G-22, G-24 and G-25 were found to have high ground coverage at mid vegetative stage under late sowing condition. Low canopy temperature and/or high canopy temperature depression have been used by several authors in screening for highly tolerant varieties to drought and heat (Amani et al. 1996; Ayeneh et al. 2002; Talebi 2011; Guendouz et al. 2012) . Wheat genotypes with a low canopy temperature can maintain high transpiration and photosynthetic rate as well as produce a high yield under stressed conditions (Talebi 2011 ). Therefore, lower canopy temperature is regarded as an important mechanism of heat stress escape. In this study, the genotypes G-4, G-5, G-7, G-8, G-9, G-10, G-11, G-12, G-13, G-14, G-15, G-17, G-18, G-19, G-20, G-21, G-22 and G-24 showed low canopy temperature at vegetative stage suggesting that these genotypes can keep their canopy cool at vegetative stage under heat stressed condition. On the other hand, the genotypes G-4, G-7, G-9, G-15 and G-22 showed low canopy temperature at grain filling stage under late sowing condition suggesting their tolerance to high temperature at late sowing. Heat stress attributed to decline chlorophyll contents in cool-season cereal species leading to physiological changes and thereby leaf senescence (Almeselmani et al. 2011 and Dhyani et al. 2013) . Therefore, higher retention of leaf chlorophyll under hot environment is often regarded as an expression of heat tolerance. Talebi (2011) confirmed chlorophyll content as a potential indicator for screening wheat genotypes for drought response. In this study, high chlorophyll contents of flag leaf at anthesis were found in the genotypes G-1, G-2, G-4, G-5, G-6, G-7, G-8, G-10, G-11, G-12, G-14, G-15, G-16, G-17, G-18, G-19, G-20, G-21, G-22 and G-24 indicating their ability for the fixation of photosynthate under late sowing condition. Moreover, the genotypes G -5, G-6, G-7, G-10, G-11, G-13, G-14, G-15, G-16, G-17, G-18, G-19, G-20, G-21, G-22 and G-24 showed high chlorophyll content of flag leaf at 21days after anthesis under late sowing condition. Several authors (Blum et al. 1997; Khanna-Chopra and Viswanathan 1999; Singh et al. 2011) emphasized that selection for high biomass yield should bring about positive improvement in grain yield under drought and heat stress. Therefore, selection for biomass yield is one of the most important ways to improve the productivity under late sowing conditions. In our study, the genotypes G-1, G-2, G-5, G-6, G-14, G-17 and G-22 had produced high biomass under heat stressed condition.
Grain filling rate in wheat influences grain yield under a wide range of conditions (Wheeler et al. 1996) . Zahedi and Jenner (2003) reported that relatively higher grain filling rates could be taken as an important criterion for breeding genotypes acclimatized to late planting condition. The genotypes G-2, G-3, G-5, G-12, G-14, G-17, G-22, G-23 and G-24 showed high grain filling rates even under late planting condition. Spikes number per unit area has been considered as a potential selection criteria for grain yield under heat stress (Reynolds et al. 1992; Hu and Rajaram 1994) . In the present investigation, the genotypes G-2, G-5, G-9, G-10, G-13, G-17, G-19, G-22, G-23 and G-24 have produced higher number of spikes per square meter under late sowing condition. Grain weight is the most sensitive yield component to high temperature and could be used as a reliable trait to assess the responsiveness of genotypes to high temperature (Sharma et al. 2008) . The genotypes G-1, G-2 and G-13 showed higher 1000-grain weight under late sowing condition. However, the genotype G-16 has produced the highest number of grains per spike under late sowing condition. Grain yield is an important selection criteria for heat stress. Singh et al. (2011) stated that high grain yield of a genotype under late sowing condition indicates the pres- (2010) showed the highest (46.63%) yield reduction. In spite of this, it was noticed that the genotypes G-1, G-2, G-5, G-6, G-12, G-14, G-17, G-22, G-23 and G-24 had yielded higher grain even under heat stressed condition.
Identification of heat tolerant genotypes through heat stress susceptibility indices
Paired t-test was employed to detect the differences between the effect of heat stress on these genotypes (Table 3 ). Significant differences between optimum sowing and late sowing environments could be found for all the characters except grain filling rate. In the present study, grain filling rate was excluded for preparing susceptibility indices as it showed insignificant response in paired t-test. Heat stress susceptibility indices "S" were measured for the characters to identify heat susceptible or tolerant genotypes. It adjusts for variations in grain yield, yield contributing, phenological and physiological traits due to differences in environmental stress intensity. The genotypes showed wide range of variations for "S" values. These values were used for identifying heat tolerant genotypes. Low stress susceptibility (S<1) is synonymous with high stress tolerance (Fischer and Maurer 1978) . Based upon the value and direction of desirability, different genotypes were ranked as highly heat stress tolerant (S<0.50), moderately heat stress tolerant (S>0.50<1.00) and heat susceptible (S>1.00) (Khanna-Chopra and Viswanathan 1999 and Singh et al. 2011) . Thus, in order to determine relative tolerance, the heat susceptibility indices were estimated for various characters. Several authors (Khanna-Chopra and Viswanathan 1999; Singh et al. 2011 and Sharma et al. 2013) evaluated heat susceptibility indices of yield and its different components of wheat genotypes for heat stress tolerance and grouped them into highly tolerant, tolerant and susceptible genotypes as suggested by low and high S values. The present findings revealed that heat susceptibility indices could be taken as important criteria for breeding wheat genotypes suitable for late sowing conditions. Considering heat stress intensity, it was revealed that days to anthesis, chlorophyll content of flag leaf, number of spikes m -2 and 1000-grain weight were less affected by late sowing condition, while ground cover, grain filling duration, canopy temperature, biomass and grain yield highly suffered under late sowing environment. This indicates that wheat grain yield depends on its filling duration and canopy structure under late sowing condition which partially supported the findings of Singh et al. (2011) .
Estimation of heat stress susceptibility indices and raking of genotypes (Table 4) showed that every genotype possess different degree of tolerance to heat stress. According to heat stress susceptibility indices estimated for anthesis period, 13 among 25 genotypes (G-5, G -20, G-11, G-22, G-3, G-18, G-13, G-2, G-19, G-24, G-6, G-8 and G-7) were identified as tolerant and 4 of them were found highly tolerant (S<0.5). The rest of the genotypes including check were found to be heat sensitive. Ten genotypes including check G-5, G-6, G-1, G-20, G-3, G-17, G-18, G-23, G-11 and G-7 were found to be tolerant based on "S" values for physiological maturity. Based on "S" values for grain filling duration, 11 genotypes (G-21, G-1, G-6, G-4, G-23, G-16, G-17, G-25, G-18 , G-5 and G-7) seemed to be moderately tolerant (S<1>0.5). Moreover 11 genotypes (G-6, G-16, G-15, G-2, G-10, G-7, G-3,  G-4, G-1, G-19 and G-20) showed "S" values less than unity for the estimation of ground coverage while first 6 of them were highly tolerant (S<0.5).
The estimates on "S" values for canopy temperature at vegetative stage revealed that among 25 genotypes, 13 including check (G-15, G-12, G-17, G-14, G-13, G-21, G-25, G-11, G-16, G-24, G-19, G-18 and G-1) showed tolerance to late sowing. The genotypes G-15 and G-12 were found to be highly tolerant (S<0.5) for this trait. However, fourteen genotypes (G-3, G-15, G-2, G-14, G-16, G-7, G-4,  G-1, G-5, G-22, G-13, G-25, G-9 and G-19) showed moderate tolerance (S<1>0.5) based on "S" values for canopy temperature at grain filling. E stimated "S" values for chlorophyll content measured at anthesis showed that fourteen genotypes (G-16, G-14, G-12, G-22,  G-4, G-9, G-2, G-3, G-6, G-18, G-21, G-8, G -10 and G-11) were found to be tolerant of which first 8 genotypes were considered as highly tolerant (S<0.5).
"S" values for spikes number m -2 showed that 14 genotypes including check G-7, G-23, G-9, G-1, G-14, G-3, G-19, G-13, G-22, G-11, G-5, G-21, G-25 and G-18 were tolerant of which first 10 genotypes were considered as highly tolerant (S<0.5). The estimates of "S" values for the number of grains spike -1 revealed that 16 genotypes including check G- 1, G-15, G-11, G-7, G-21, G-16, G-13, G-3,   G-17, G-20, G-8, G-23, G-14, G-19, G-12 and G-18 displayed tolerance to heat stress of which 7 genotypes were considered as highly tolerant (S<0.5). Besides, 13 genotypes G-10,  G-18, G-14, G-4, G-19, G-1, G-12, G-9, G-7,  G-23, G-25, G-15 and G-6 were identified as tolerant based on "S" values when estimated for thousand grain weight. Among them, 6 genotypes including check were considered as highly tolerant (S<0.5). Moreover the "S" values of 14 genotypes including check G- 14, G-12, G-13, G-25, G-2, G-23, G-18, G-17, G-24,  G-6, G-19, G-1, G-9 and G-22 were observed as tolerant when estimated for grain yield. The genotypes G-14 and G-12 were considered as highly tolerant (S<0.5) and rest of the genotypes showed moderate tolerance to grain yield. Several genotypes showed less heat sensitivity to both grain yield and 1000-grain weight. Among 25 genotypes, the genotypes G-14, G-12, G-25 and G-13 showed both tolerances to heat stress for these two traits with moderate yield. ** indicate significant at 1% level of probability; ns: non significant Based on overall results, G-18, G-19, G-14, G -12, G-13, G-6, G-25, G-23, G-9 and check (G-1) could be categorized as heat tolerance genotypes. Among them, G-18, G-19, G-14, G-12 and G-13 were performed better than the check (G-1). High stability in grain yield under stress condition was associated with poor or moderate grain yield potential (Fischer and Maurer 1978; Bruckner and Frehberg 1987; Ehdaie et al. 1988; Bansal and Sinha 1991) . In this study, the genotypes G-14, G-12, G-25 and G-13 produced moderate grain yield and found to be highly stable genotypes under heat stress, thus could be recommended for both sowing environments while the genotypes G-2, G-17, G-22, and G-24 might be recommended for optimum sowing condition with relatively high yield as they showed moderate tolerance to heat stress under late sowing condition. Screened genotypes for heat stress tolerance could potentially be used as a genetic stock for further improvements of genotypes for heat stress. 
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